The computational methods to detect the coding regions of genes and specific sequences of the transcriptional control region using stochastic models such as the hidden Markov Model have been developed. But there are still aspects of the control of the gene expression based on a sequence of the transcriptional control region that have not been described.
The prediction of gene function is an important aspect of bioinformatics. It is well known that the gene expression is regulated by multiple sigma factors, each of which has its promoter specificity in a bacterial genome. There are two relatively conserved sequence elements around the position -35 and -10 in the promoter. However the rule in the promoter sequences has not been solved yet. There are great demands for new computational methods to extract features from DNA sequences and stochastic models such as hidden Markov Model which has recently been utilized for the analysis of the sequence patterns and the gene finding in DNA sequences (Krogh et al., 1994; Yada et al., 1997a Yada et al., , 1998 . As for the promoter sequences, the prediction of the transcription units has been analyzed using hidden Markov Model (Yada et al., 1997b (Yada et al., , 1999 . In this paper, we propose a new approach for the extraction of features from a sequence surrounding a transcriptional starting site in bacterial genome and detection of the specific pattern from them using texture analysis based on the gray level run length matrix.
MATERIALS

AND METHODS
Heat shock protein. Sequences surrounding a transcriptional starting site, including the promoter, which controls the expression of genes coding the heat shock protein (abbreviated as Hsp), were prepared from ReguronDB (http://www.cifn.unam.mx/Computational Genomics/regurondb/), Biocyc (http://biocyc.org/ecoli/) and DBTBS (http://dbtbs.hgc.jp/). The Hsp is one of the proteins induced in stress response and it is essential for every living Fig thing. The Hsp helps the correct folding of a protein, prevents a stressed protein from misfolding and resolves misfolding proteins. The selection of Hsp is derived from the conjecture that proteins induced in a common stress have elements within sequences in common and the fact that information has been accumulating experimentally is larger. Sequences used in this work were twenty in total ; they were composed in nineteen sequences in Escherichia coli K12 W3110 and a sequence in Bacillus subtilis (Fig. 1) . Twenty nu cleotide sequences, whose lengths are 81 bp, surrounding transcriptional starting sites (from position -60 to + 21) were used. The position of a transcriptional starting point is represented at+1. Each of the twenty nucleotide sequences was divided into four domains, namely first domain (positions -60 to -41), second domain (positions -40 to -21), third domain (positions -20 to -1) and fourth domain (positions + 1 to +21) ( Fig. 2) . Generally speaking, the specific sequences appear around the position -35 and -10 in the promoter. The transcription bubble is usually formed on 18 bp. Therefore, the length of the division treated in this experiment was fixed at 20 by to divide the promoter sequences into four domains.
Features
were extracted from the four domains using texture analysis based on the gray level run length matrix respectively. Namely four values were extracted from a sequence.
The transition of four values from the four domains was represented as a pattern of a sequence.
Texture analysis based on the gray level run length matrix. Texture analysis is the method to analyze the density distribution in the image statistically. Texture analysis based on the gray level run length matrix is one such analysis and is a method based on the run which is a series of pixels having the same gray level on a definite direction in the image (Galloway, 1975) . Since density, length and direction in the run are included, the aggregation of the run from the image represents features of the texture.
In this work, texture analysis based on the gray level run length matrix was applied to Fig. 2 The division of a sequence into four domains. one-dimensional sequences. To use texture analysis four nucleotides, which are A, T, C and G, were converted into four figures, which are 0, 1, 2 and 3. The runs from the sequences were stored in the gray level run length matrix (Fig. 3 ). There were Short Runs Emphasis, Long Runs Emphasis, Gray Level Non-uniformity, Run Length Non-uniformity and Run Percentage in texture analysis based on the gray level run length matrix. In this study, the Long Runs Emphasis as one of the prime features was used to fit those fairly long DNA sequences (Fig.  4) . The transformation of four values of the Long Runs Emphasis into a single scalar value. An example of four values of the Long Runs Emphasis is shown in Fig. 5 . The pattern shown in Fig. 5 implies characteristics of the analyzed domain.
We calculated a single scalar value (L) from four values using Eq. (1).
L= •¬ (1)
where Di is the distance between node i and node i + 1 and ƒAEi is the angle as shown in Fig.  6 .
Run percentage l5=•¬p(i,j)/p p(i,j)is the (i,j)th entry in the given run length matrix. i and J is the density and the length of runs respectively .
Ng is the number of gray level in the sequence .
Nr is the number of different run lengths . P is the length of sequences. Fig. 4 Features extracted from sequences using texture analysis based on the gray level run length matrix. 
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RESULTS
AND DISCUSSION
The run length features were extracted from the pattern of DNA sequence from left to right. The results are indicated in Fig. 7 . The longer the runs there are in the sequences, the larger the value they indicate in Fig. 7 . For example, the first node of dnaK 12040 has the large value because of the existence of a series of six identical bases in the analyzed domain. The Long Runs Emphasis shown in Fig. 7 was described as a single scalar value defined by Eq.
(1).
The calculated scalar value for each protein was plotted in Fig. 8 . DnaK _12040, dnaKp2, dnaKp3 and dnaKpl control a dnaKJ transcription unit. It is known that transcripts from dnaKpl and dnaKp2 are the major products of in vitro transcription of dnaKJ operon by Sigma32, and this sigma holoenzyme transcribes dnaKp3 poorly in the ReguronDB (http://www.cifn.unam.mx/Computational Genomics/regurondb/). It seems that the differences of the value of L among dnaKp2, dnaKpl, dnaKp3 assure the experimental results. In general it is thought that Hsp104, Hsp90, Hsp70, Hsp60 and small Hsp Long Runs Emphasis reside in Bacteria and Eucarya (Yoshida et al., 2003) . Regardless of the absence of the homology in the sequences, similar values to dnaK 12040 are found in Fig. 8 such as dnaKp2, dnaKpl, mopB 4368212 and ibpA in Escherichia coil and the promoter of dnaK gene in Bacillus subtilis. In addition, genes controlled by dnaK 12040, dnaKp2, dnaKpl and the promoter of Bacillus subtilis compound Hsp70 have a similar function (Table 1) . Therefore it is inferred that there is common control information about the expression condition or timing of genes in their promoter sequences and that this information is conserved as the appearance pattern of long runs at twenty nucleotides intervals between two living things. A series of the same nucleotide within first domain appears as the especially remarkable feature. It supports a report that it seems very common that a transcript can be started from, or terminated at, multiple positions in Bacillus subtilis (Yada et al., 1999) . It is inferred that not only specific sequences such as the -35 and -10 regions but also a series of the same nucleotide are important for the recognition by RNA polymerase in the control of the transcription. 
